1.
Instrumentation.
The 1 H NMR, 13 C NMR and 2D NMR spectra were recorded with a Bruker Avance-300 instrument and a Varian-400 VNMRJ System. The chemical shifts are expressed in ppm relative to the deuterated solvent used as internal reference. Most of the 1 H NMR spectra signals were attributed through 2D NMR analyses (COSY, HSQC, HMBC).
The electronic absorption spectra were recorded with a Perkin-Elmer Lambda UV-Vis or a Shimadzu UV3600 spectrophotometer.
The thermogravimetric analyses (TGA) were performed by 2 different methods: Method I (Mass versus temperature) on a Perkin Elmer Pyris 6 TGA device. For this purpose, 4 to 6 mg of the material weighed in a ceramic crucible Perkin Elmer TGA undergo a linear ramp of increasing temperature up to 550°C at a rate of 10°C.min -1 under nitrogen inert atmosphere.
The obtained results are then processed with the Pyris Manager software.
Method II (Mass versus time)
, on a TA Instruments Q5000 TGA with air as purge gas (25 mL.min -1 ). A suspension of AuNPs in 150-400 µL water was placed in a DSC crucible and the water was evaporated in a vacuum oven by slowly decreasing the pressure and increasing the temperature. When the dark red liquid had turned into a gold colored film, the crucible was further dried for 30 minutes at 10 mbar and 75 °C. The crucible was loaded in the TGA instrument and a 2 h isotherm was measured at 60 °C, followed by a linear ramp up to 600 °C at a rate of 10°C.min -1 , a 30 or 60 min isotherm at 600 °C, cooling, and another 2 h isotherm at 60 °C. The loss of organic material was obtained by the difference in weight at the plateaus of the 60 °C isotherms before and after heating.
XPS measurements were performed on a PHI 5600 instrument. All spectra were acquired using the Mg Kα X-ray source (hν = 1253.6 eV) operating at 300 W with a 45° take-off angle (TOA). Here the photoelectron TOA is defined as the angle between the surface normal and the axis of the analyzer lens. Survey spectra (0-1100 eV) were acquired with an analyzer pass energy of 187.85 eV (dwell time = 0.05 s, 1 eV/step, #scan = 4). Binding energies were referenced to the C1s peak at 285 eV. The spot size was set to a diameter of 400 µm. The atomic concentration for surface composition was estimated using the integrated peaks areas, normalized by the manufacturer supplied sensitivity factor. The composition was calculated using the average value of 3 measurements on individual spots for each sample. (Casa Sofware, Ltd. version 2.3.15).
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TEM experiments were carried out either with a JEOL 2100 LaB6 microscope operating at 200KV on which the images were recorded on a GATAN Orius 200D CCD camera or with a Philips CM20-UltraTWIN microscope.
FTIR spectra were recorded, at room temperature, with a Bruker IFS 25 FTIR spectrophotometer at a nominal resolution of 2 cm -1 and encoded every 1 cm -1 or by using a Bruker Vertex 70 spectrometer (200 scans were collected and averaged).
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Synthesis of compound 2 and of functionalized AuNPs 3
Chemicals. Solvents and reagents for the syntheses were at least of reagent grade quality and were used without further purification. The reaction mixtures containing aryl diazonium salts were protected from direct light during the synthesis and work-up to prevent photodegradation.
Caution! Although we have not encountered any problem, it is noted that diazonium salts derivatives are potentially explosive and should be handled with appropriate precautions. Figure S5 . HMBC NMR spectrum of compound 2 (400 MHz, CD 3 CN, 298K).
Synthesis of calix[4]arene-tetra
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Synthesis of gold nanoparticles 3a in presence of calix[4]arene-tetra-diazonium salt 2.
HAuCl 4 .3H 2 O (25 mg, 0.0635 mmol, 1 equiv.) was dissolved in acetonitrile (25 mL) and a solution of calix [4] arene-tetra-diazonium salt 2 (24 mg, 0.0315 mmol, 0.5 equiv.) in acetonitrile (25 mL) was added. The reaction mixture was stirred vigorously at 0°C under Ar and an aqueous solution of NaBH 4 (0.5 mL, 6.1 mg, 0.161 mmol, 2.5 equiv.) was added dropwise. The color of the reaction mixture changed from yellow to dark ruby. After 2 hours of vigorous stirring, the reaction mixture was centrifuged at 5000 rpm for 20 min. The gold nanoparticles were washed by resuspension in NaOH (1 M) and precipitation with HCl (1 M) (two centrifugation cycles using 30 mL) and with water (1 × 30 mL) to obtain gold nanoparticles 3a stabilized by calix [4] arenes (18 mg). The gold nanoparticles 3a were dispersed in NaOH (1 M, 40 mL) and stored at 4°C for several weeks, without exhibiting any noticeable aggregation.
nm calixarene-stabilized AuNPs 3b by grafting of 2.
AuNPs were synthesized as reported previously using a modified Turkevich method 2,3 and dialyzed against a 1 mM solution of citrate. To the resulting gold nanoparticles (15-19 nm depending on the batch, 24 mL, 25 nM, 0.6 nmol) was added a solution of NaBH 4 (100 L, 0.3 M, 0.030 mmol) 1 in water, followed by the slow addition of a solution of calix [4] arene-tetra-diazonium salt 2 (45.9 mg, 0.060 mmol) in water (6 mL), resulting in effervescence of the red colloidal suspension. The reaction mixture was stirred overnight at room temperature, followed by the centrifugation of the mixture. The functionalized AuNPs 3b were resuspended in 1 mM NaOH and collected by centrifugation (30 min at 15000 rpm) 6 times. For the TGA experiments, the AuNPs were washed an additional 4 times with water. AuNPs 3b were stored in water at room temperature. 10 nm calixarene-stabilized AuNPs 3c by grafting of 2. To 1 mL of a dispersion of commercially available citrate-stabilized gold nanoparticles (10 nm, Aldrich, 9.9 nM) wasadded 1 mg of calix [4] arene-tetra-diazonium 2 previously dissolved in 1 mL of acetonitrile at room temperature and under stirring. The reaction mixture was stirred overnight at room temperature, and then centrifuged at 5000 rpm for 20 min. The gold nanoparticles were 1 The addition of NaBH 4 raises the pH of the AuNPs suspension from 7.4 to 9, preventing aggregation of AuNPs upon addition of the acidic dispersion of 2. The addition of NaOH instead of NaBH 4 also stabilized the AuNP suspension, but resulted in less robust AuNPs upon reaction with 2, indicating that the reduction of diazonium groups by NaBH 4 is aiding the efficient functionalization of the AuNPs.
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washed twice with 1 M HCl to obtain gold nanoparticles 3c stabilized by calix [4] arenes. The gold nanoparticles 3c were dispersed in NaOH (1 M, 2 mL).
nm calixarene-stabilized AuNPs 3d by grafting of 2. To 1 mL of a dispersion of
commercially available citrate-stabilized gold nanoparticles (5 nm, Aldrich, 91 nM) was added 9.3 mg of calix [4] arene-tetra-diazonium 2 previously dissolved in 1 mL of acetonitrile at room temperature and under stirring. The reaction mixture was stirred overnight at room temperature, and then centrifuged at 5000 rpm for 20 min. The gold nanoparticles were washed twice with 1 M HCl to obtain gold nanoparticles 3d stabilized by calix [4] arenes. The gold nanoparticles 3d were dispersed in NaOH (1 M, 2 mL).
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Transmission Electron Microscopy
Discussion of the synthesis of AuNPs 3a and TEM results ( Fig. 1) From a mechanistic point of view, aurate salts and aryl diazonium salts are both chemically reduced in the acetonitrile solution, forming respectively gold clusters and aryl radicals. The order in which these reactions occur is still unknown but it is reasonable to assume that the grafting of calix [4] arenes results in the inhibition of nanoparticles growth, similarly to what is Citratestabilized AuNPs Figure S6 . a, c) TEM micrographs and b, d) corresponding particle core size histogram 9 of inhouse synthesized citrate-stabilized AuNPs before (a, b) and after (c, d) grafting of calix [4] arene-tetra-diazonium 2 to give AuNPs 3b. No significant change in the size or shape of the AuNPs was observed upon grafting 2. S11 Figure S7 . a) TEM micrographs and b) corresponding particle core size histogram for AuNPs obtained by spontaneous grafting of 2 on 10 nm citrate-stabilized AuNPs giving AuNPs 3c. Figure S8 . a) TEM micrographs and b) corresponding particle core size histogram for AuNPs obtained by spontaneous grafting of 2 on 5 nm citrate-stabilized AuNPs giving AuNPs 3d. S12 
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Thermogravimetric analyses of compound 2 and AuNPs 3a and 3b Figure S9 . Thermogravimetric analysis of compound 2, using method I. Figure S10 . Thermogravimetric analysis of AuNPs 3a (first batch) using method I. S13 Figure S11 . Thermogravimetric analysis of AuNPs 3a (second batch) using method II. Figure S12 . Thermogravimetric analysis of AuNPs 3b (first batch) using method II. S14 Figure S13 . Thermogravimetric analysis of AuNPs 3b (second batch) using method II.
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The TGA data were used to determine the grafting density of the calixarenes on the surface of the AuNPs. From TEM experiments, it is possible to estimate the number of gold atoms constituting each nanoparticle, following equation (1): 7 (1)
where is the number of gold atoms, the density of gold (59 × 10 21 atoms.cm -3 for facecentered cubic gold), and D the diameter in nm of the nanoparticles.
Since the molar mass of gold is 197 g.mol -1 , the weight of the gold core ( ) is given by equation (2):
The value of found with equation (2) can be correlated with the percentage of gold atoms found in TGA measurements. Knowing the molar mass of the calix [4] arene (here assumed to be 652.6 g.mol -1 when bound to a gold surface), it is thus possible to determine the number of ligands per nanoparticle and the density of the calixarenes on the surface of the AuNPs. then gradually acidified to pH 0.9 (violet) followed by basification to pH 12.4 (red).
X-ray Photoelectron Spectroscopy
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7.
AuNP stability studies.
Drying of the AuNPs into a film and resuspension
Similar to the experiment described in Fig 3b of the main text for AuNPs 3a, also AuNPs 3b
were dried into a gold colored film and successfully resuspended in 0.1 M NaOH. Figure S20 . Photo of calix-AuNPs 3b suspended in water (1), allowed to dry into a goldcolored film (2), and after resuspension in 0.1 M NaOH (3).
Stability of AuNPs 3a and 3b towards fluoride
The stability of AuNPs was tested by addition of fluoride to the AuNPs dispersions. The
AuNPs used in this study were soluble in different solvents. AuNPs stabilized by Au-C bonds (synthesized in the presence of 4-diazonium decylbenzene, as described by Schiffrin) 4 
